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T he amount of bound water in the stratum corneum of the 
hairless rat was measured by using proton nuclear magnetic 
resonance (1H-NMR) spectrometry in the temperature range 
of - 5 0 C to - 30 0 C. A decrease in the bound water content 
was observed when the stratum corneum was extracted using 
water, a mixed solvent of chloroform: methanol (2: 1), or a 
1 % sodium dodecyl sulfate (SDS) aqueous solution. How-
ever, extraction using a mixed solvent of acetone : ether (1 : 1) 
did not change the bound water content at temperatures 
above - 20 0 C. The lipids extracted by acetone: ether-extrac-
tion method consisted of sebaceous gland lipids, cholesterol, 
free fatty acids, and ceramides. In contrast, the lipids ex-
W ater existing in the stratum corneum plays an important role in the suppleness of the skin surface [1,2]. The stratum corneum normally contains 10% - 30% water [3 -8]. This water content is regulated by both the permeability 
barrier and the water-holding properties of the stratum corneum 
[8,9]. When, because of a change of environment or illness, the 
water content decreases below 10%, the skin surface may appear dry 
and may lose its suppleness [1]. 
The epidermal permeability barrier of the stratum corneum con-
sists of intercellular lipids [9 - 11]. These lipids are made up of cer-
amides, free fatty acids, cholesterol, and cholesteryl sulfate, with the 
ceramides being the major component [1 2-14], and are arranged in 
broad lamellar sheets between the corneocytes [15,16]. It has been 
suggested that these sheets are formed by edge-to-edge fusion of the 
flattened lipid vesicles extruded from the lamell ar gran ules in the 
outer most stratum granulosum cells [17 ,18]. Each sheet hence con-
sists of two lipid bilayers, with possibly one or more such sheets in 
each intercellular space. 
On the other hand, it has been specul ated that the water-holdi ng 
properties are dependent on the hygroscopic components, such as 
the natural moisturizing factor (NMF) in the stratum corneum [1 9]. 
However, the exact mechanisms of these components are not 
clearly understood. 
Manuscript received March 10, 1988; accepted for publication December 
12,1988. 
Reprint requests to: Dr. Tadashi Tezuka, Department of Dermatology, 
Kinki University School of Medicine, 377-2 Ohno-Higashi, Osaka-
Sayama, Osaka 589, Japan 
Abbreviations: 
HPTLC: high-performance thin-layer chromatography 
NMF: natura l moisturizing factor 
NMR: nuclear magnetic resonance 
SDS: sodium dodecy l sul fate 
TMS: tetramethylsi lane 
tracted by chloroform: methanol-extraction method con-
tained more polar lipids such as sphingomyelin, which had 
the same amount of bound water in itself as that of the water-
extracted stratum corneum. These results suggest that the 
polar lipids soluble in the chloroform and methanol mixture 
may contribute to enhance the bound water content. There-
fore, it is hypothesized that the water-holding capacity of the 
stratum corneum is dependent on both the hygroscopic com-
ponents such as the natural moisturizing factor (NMF) and 
the polar lipids, such as sphingolipids, existing in the inter-
cellular spaces of the stratum corneum. ] Invest D ermatol 
93:160-164,1989 
A recent study suggests that the intercellular lipids of the stratum 
corneum playa critical role in the water-holding properties of the 
stratum corneum [20]. 
Here, it is expected that the role oflipids is important not only in 
the permeability barrier functions but also the water-holding prop-
erties. 
Therefore, in the present study, we have investigated the water-
holding capacity of the stratum corneum of the hairless rat after 
treatment with various solvents. The water-holding capacity was 
evaluated by the measurement of bound water using a proton nu-
clear magnetic resonance (lH-NMR) spectrometer. 
MATERIALS AND METHODS 
Materials and Animals Trypsin (1 : 250) was purchased from 
Difco Laboratories (Detroit, MI). Deuterochloroform (CDCI3 ) was 
purchased from the Aldrich C hemical Co. Inc. (Milwaukee, WI). 
Sphingomyelin (from bovine brain) and ceramides (from bovine 
brain, Type III) were purchased from the Sigma Chemical Co. (St. 
Louis, MO) . All other chemicals and reagents purchased from com-
mercial sources were of analytical grade. Hairless male rats , aged 8 
weeks, were purchased from Shizuoka Laboratory Animal Center 
(Shizuoka, Japan) . 
Isolation of Stratum Corneum Hairless rat skin was placed, 
stratum corneum side up, on filter paper and was subsequently 
soaked in a 0.5% trypsin solution for 3 h at 37°C. The epidermis 
was then peeled off in sheets which were again placed, stratum 
corneum side up, on filter paper and soaked with a 0.5% trypsin 
solution for 2 h at 3rc. The basal, spinous, and granular cells were 
scraped off with a spatula. The sheets of stratum corneum were 
lyophilized and stored at - 80°C until further use. Except for amino 
acid ana lysis, an equal number of stratum corneum sheets from both 
back and abdominal skin specimens were used in this study. 
Extraction of Water Soluble Components and Lipids Some 
sheets of the freeze-dried stratum corneum (10 X 10 mm) of the 
hairl ess rats were extracted with distilled water, others with a 1 % 
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sodium dodecyl sulfate (SDS) aqueous solution, and still others with 
chloroform: methanol (2: 1) or acetone: ether (1 : 1). These extrac-
tions were done by stirring the samples at 20°C for 24 h. 
Amino Acid Analyses The sheets of the freeze-dried stratum 
corneum from the hairless rat back skin were used for the analysis of 
free amino acids in the water and organic solvent extracts. 
The extracted water soluble components were precipitated by 
addition of an equal amount of3% sulfosalicylic acid solution. After 
centrifugation, the pH of the supernatant fraction was adjusted to 
2.0 by the addition of 0.3 N LiOH and analyzed with a JLC-200 
amino acid analyzer (JEOL, Ltd.). The organic solvent extracts 
were left in a vacuum in order to ensure the evaporation of chloro-
form, acetone, methanol, or ether. They were then analyzed using a 
JLC-200 amino acid analyzer. These experiments were done in 
duplicate. 
Lipid Analysis The recovered lipids were analyzed semi-quanti-
tatively by high-performance thin-layer chromatography (Merck 
10 X 10 cm HPTLC plates) . The chromatograms were developed 
first with benzene: hexane (1: 1) and second with hexane: diethyl 
ether: acetic acid (70: 30: 1) to resolve the nonpolar lipids, or with 
chloroform: methanol: water (65: 25: 4) to resolve the polar lipids. 
After development, individual bands oflipids appeared with iodine 
vapors and were identified by the references simultaneously run. 
Then, the amount of the extracted lipids were photodensitometri-
cally examined by a Shimazu dual-wavelength TLC-scanner 
CS-930. 
Measurement of'H-NMR The tH-NMR spectra were recorded 
on a JEOL JNM-GX-400 spectrometer equipped with a thermom-
eter operating in the Fourier transform mode. The operating fre-
quency was 400 MHz and the spectral width was 5.0 kHz. The 
spectra were observed using a dual tube (Fig 1) after cooling in 
liquid nitrogen in the temperature range of - 5°C to - 30°C mea-
sured at 5 ° C intervals. The stratum corneum sheet, either freeze-
dried or freshly prepared, was put into the inner tube with 0.25 111.1 
of distilled water. Ten microliters of chloroform (CHCI3 ) and 2.ul 
of tetramethylsilane (TMS) were put into the outer tube after they 
were dissolved in 2 ml of deuterochloroform (CDCI3) . Chemical 
shifts were referred to internal standard TMS. During each exami-
nation of tH-NMR spectra at various temperatures, the stratum 
corneum sheet was left in the inner tube for 30 min until the tem-
perature of the sample lowered to the set temperature. In our pre-
liminary experiment we determined the time needed for cooling the 
sample in the inner tube to the desired temperature by measuring 
the time needed for obtaining the stable peak size of the proton 
signal at 5.5 ppm. We found that the proton signal size reached the 
plateau within 10 min at various temperatures. 
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Figure 1. Sample tube (dual tube). 
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Figure 2. Relationship between the ratio of signal intensities (H20 / 
CHCI,) and water content. 
Bound Water Content The amount of unfrozen water was de-
termined by the specific intensity of the H 20 signal against the 
CHCl3 signal based on the calibration curve which was obtained by 
the changing water (H20) content in deuterium oxide (020) at 
20 °C (Fig 2). Below O°C, the signal intensity of the unfrozen water 
could be determined because the proton signal of the CHCl3 kept its 
value constant with the change in the measuring temperature while 
the CHCl3 remained in a liquid state [21]. Signal intensity was 
obtained as an integration value. Bound water of the sample was 
expressed as g of the unfrozen water/g dry weight of the sample. 
When the bound water content of the water-soluble components 
(extracted from the stratum corneum) and the commercial lipids 
(ceramides and sphingomyelins) were determined, the spectra were 
observed after 40 mg of each material was dissolved or dispersed 
with 0.25 ml of distilled water. The ceramides were not dispersed 
but present on the surface of the water as a thin layer. The sphingo-
myelin was dispersed homogeneously in the water. In addition, 
located within measuring width of tH-NMR, the signal of ceram-
ides could be measured, although it was not homogeneous and was 
present only on the surface of the frozen water. 
RESULTS 
The proton signal from the CHCl3 was observed as a singlet at 
7.25 ppm, and that from the unfrozen water was observed as a broad 
peak around 5.5 ppm. The unfrozen water content was estimated 
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Figure 3. Bound water content of the various extraction treated hairless rat 
stratum corneum. ojJw circle: control, closed circle: water, open square: CHCI, / 
MeOH, closed square: acetone/ ether, opell tria/tgle: 1 % SOS aq. 
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Table I. Bound Water Content of Extracts of Stratum Corneum 
T emp. 
(0C) 
-5 
- 10 
- 15 
- 20 
-25 
-30 
Control W ater 
(n = 4) (n=3) 
1.296 ± 0.094 0.731 ± 0.063 
0.731 ± 0.083 0.436 ± 0.043 
0.51 2 ± 0.079 0.295 ± 0.042 
0.319±0.024 0.197 ± 0.033 
0.239 ± 0.035 0.108 ± 0.Q15 
0.138 ± 0.025 0.062 ± 0.Q18 
Table II. W eight Percent of Extracted Material 
Extraction Solvent 
W ater 
CH ClJ/MeOH 
Acetone/Ether 
1% SOSag. 
Extracted Material 
(Wt%) 
16.6 ± 1.4 
39.7 ± 1.7 
27 .8 ± 1.3 
43 .6 ± 2.3 
from the integration values of th ese signals. As the unfrozen water is 
th e water which is bound with the substances, such as polypeptides, 
the amount of unfrozen water was indicated as the amount ofbound 
water in Fig 3. The amount of unfrozen water gradually decreased 
as the measuring temperature lowered (Fig 3). The same results 
were obtained when the freshly prepared stratum corneum was used 
(data not shown). 
The amounts of bound water in the hairless rat stratum corneum 
after the various extraction treatments are presented in Table I. In 
th e case of water-extracted samples, the water content decreased 
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Figure 4. Partial photodcnsitometer scans of high-performance thin-layer 
chromatograms of the ceramides [1], lipid mixture [2], extracted lipids by 
acetone : ether-extraction (3) , and extracted lipids by chloroform: metha-
nol-extraction [4) . These samples were applied to adjacent lanes of the same 
H PTLC plate, which was then developed with chloroform: metha-
nol : wa ter, 65: 25 : 4. Ceramides, sphingomyelin, cerebrosides, and sulfa-
tides are indicated by CER, SPM, CMH, and CSE, respectively. 
W ater Content (g/g) 
CHClJ/MeOH Acetone/Ether l%-SOS ag. 
(n=3) (n=3) (n = 3) 
0.952 ± 0.091 1.440 ± 0.176 0.210 ± 0.016 
0.493 ± 0.047 0.717 ± 0.097 0.125 ± 0.015 
0.249 ± 0.032 0.494 ± 0.036 0.072 ± 0.Q11 
0.190 ± 0.015 0.268 ± 0.048 0.050 ± 0.004 
0.105 ± 0.019 0.135 ± 0.Q18 0.036 ± 0.003 
0.059 ± 0.007 0.060 ± 0.007 0.022 ± 0.001 
when compared with that of the untreated samples at each tempera-
ture. The water content of the chloroform: methanol-extracted 
samples decreased in the same manner as the water-extracted sam-
ples did . In addition, in the 1 % SDS ag.-extracted samples, the water 
content decreased remarkably. In the case of the acetone: ether-ex-
tracted samples, however, the water content amounts were similar 
to the amounts found in untreated samples at temperatures above 
- 20 ° C. Figure 3 plots these results. 
The dry weight of the stratum corneum decreased after the var-
ious extraction treatments (Table II) . After water extraction, it de-
creased approximately 15%. The results of the amino acid analyses 
suggest that the extracted water soluble components contained free 
amino acids and urea. About 30% dry weight of the stratum cor-
neum was extracted by the acetone: ether-extraction treatment and 
40% by the chloroform: methanol-extraction treatment. The lipids 
extracted with the acetone: ether consisted of sebaceous gland 
lipids, cholesterol, free fatty acids, and ceramides. In contrast, the 
lipids extracted with the chloroform: methanol contained more 
polar lipids such as sphingomyelin (Fig 4). In addition, from 1 mg 
of dry weight of the stratum corneum a large amount of amino acids 
(283.17 nmol) was extracted with the chloroform-methanol. How-
ever, in contrast, an extremely small amount (5.95 nmol) was ex-
tracted with the acetone ether (Table III). Furthermore, by SDS 
ag .-extraction treatment, about 45% dry weight of the stratum. cor-
neum, which consisted of lipids and the water soluble components, 
were extracted. 
The bound water contents of the extracted water soluble compo-
nents and commercial lipids are presented in Table IV. The ex-
tracted water soluble components had a high content of bound 
water, especially at -5 °C . The same amount of bound water was 
detected in the sphingomyelin and the water-extracted stratum cor-
neum (Table I) . In contrast, no bound water was detected in the 
ceramides. 
DISCUSSION 
In the present study, we estimated the water content from the signal 
intensity of H 20 as compared with that of CHCIJ . It is noted here 
that under low-temperature conditions, the water soluble reagents 
could not be used as reference substances. Below O°C, when frozen, 
no H 20 signal was detected by the IH-NMR spectrometry, and 
when unfrozen, the proton signal was detected around 5.5 ppm 
[22,23] . Hence, chloroform, which remains in a liguid state until 
- 50 °C , was selected. Moreover, chloroform offers a stable signal 
i:1tensity of near 7.25 ppm [24] which can be independently mea-
sured (from the signal of H 20 at 5.5 ppm). As a result, the signal 
intensity of H 20 against CHCIJlinearly increased with the increase 
of the water content in the sample tube (Fig 2), confirming the 
accuracy of our method. 
Previous studies using NMR, infrared spectrometry, and differ-
ential scanning calorimetry suggest that the stratum corneum nor-
mally contains about 30% bound water [5 -8]. In the present study, 
however, the bound water content varied according to the measur-
ing temperature. The measured values at - 20 ° C corresl;'onded well 
to the water contents obtained in previous studies [5 -8J. However, 
at - 5 ° C, the maximum content of water in the stratum corneum 
was 130%, indicating the ability to hold an abundant amount of 
water. These results allow us to suggest the possibility that the 
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Table III. Amino Acid Composition 
Temp. 
(0C) 
-5 
-10 
-15 
-20 
-25 
-30 
Water 
(nmol/ mg) 
Urea 3.28 
Asp + Asn 0.04 
T hr 2.26 
Ser 0.05 
Glu +Gln 0.17 
Pro 0 
Gly 4.03 
Ala 0.52 
Val 0.57 
Cys 0.11 
Met 0.10 
Ile 0.66 
Leu 0.37 
Tyr 0 
Phe 0.03 
Orn 0.29 
His 0.22 
Lys 0.65 
Trp 0 
Arg 8.34 
Others· 1.89 
Total 23.28 
Table IV. Bound Water Content of Water Soluble 
Components and Lipids 
Water Content (gig) 
Water Soluble 
Components Ceramides Sphingomyelin 
2.369 0.000 0.754 
0.827 0.000 0.358 
0.470 0.000 0.228 
0.307 0.000 0.164 
0.217 0.000 0.085 
0.129 0.000 0.046 
bound water is more weakly attached in the stratum corneum than 
previously reported. At the same time, it is also possible that the 
water content at temperatures above - 20 °C reflects the latent 
water content. 
The bound water content of the stratum corneum decreased with 
the water-extraction treatment; thus, the water-soluble components 
obtained had abundant bound water content. These results indicate 
that the water-soluble components, consisting presumably of the 
NMF components such as amino acids and pyrrolidone-carboxyl-
ate, contributed to enhance the bound water content. 
Although in the case of the solvent-extracted stratum corneum 
the bound water content remained unchanged by the ace-
tone: ether-extraction, it decreased with the chloroform : metha-
nol-extraction treatment in temperatures above - 20 0 C. In order to 
determine the reason for this decrease, lipid and amino acid analyses 
were performed. The results of the lipid analysis show that the lipids 
extracted by acetone : ether-extraction consist of nonpolar lipids 
such as sebaceous gland lipids and a small amount of polar lipids 
such as ceramides. In contrast, the lipids extracted by 
ch loroform: methanol-extraction contain comparatively more 
polar lipids such as sphingomyelin. In addition, a certain amount of 
bound water was detected in the sphingomyelin, which at various 
temperatures paralleled that of the water-extracted stratum cor-
neum, but no bound water was detected in the ceramides. On the 
other hand, a large amount of free amino acids was found in the 
chloroform-methanol extract, but few were found in the acetone-
ether extract. 
Hence, it is suggested that the decrease in the bound water con-
tent in the chloroform: methanol-extracted stratum corneum was 
Chloroform-methanol Acetone-ether 
(nmol/mg) (nmol/ mg) 
11.10 1.12 
3.22 0.14 
21.00 0.79 
53.56 0.43 
10.60 0.15 
15.27 0 
43 .12 0.01 
61.57 0.95 
4.01 0.23 
0.44 0.01 
0.82 0.05 
9.99 0.53 
5.07 0.40 
4.00 0.06 
2.99 0 .1 6 
0.21 0.04 
5.44 0.02 
1.80 0.05 
0.23 0.03 
26.1 6 0 
2.97 0.69 
283.17 5.95 
due to the decrease both in the amount of the polar lipids soluble in 
the chloroform-methanol mixture and in the content of free amino 
acids . 
Observing the fact that the free amino acids were extracted with 
chloroform-methanol mixture, it is possible to conclude that the 
water soluble components which existed in the intercellular spaces 
of the stratum corneum along with the lipids were ionized in water 
and formed complexes with lipids in the intercellular spaces of the 
stratum corneum. Ceramides, free fatty acids, cholesterol, and cho-
lesteryl sulfate, which constituted the intercellular lipids of the 
stratum corneum, are solid in their common state. Coexisting with 
water, these lipids were capable of forming the lipid lamellae, al-
lowing fluidity [25,26]. These complexes are arranged in broad 
lamellar sheets and constitute the epidermal permeability barrier. 
This being the case, it is evident that this lipid-water complex plays 
an important role in the water-holding properties of the stratum 
corneum and may provide the suppleness of the skin surface. Simul-
taneously, the present study made apparent a few advantages of 
using IH-NMR method. It contributes to clarify the abnormalities 
of the mixture of lipids and water soluble components. Also, it 
allows the usage of sma11 amounts of tissue for measurement. With 
the IH-NMR method, unlike the infrared spectrometry and differ-
ential scanning colorimetry, it is possible to measure continuously at 
different temperatures . 
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